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==========================

*C*omplex chromosomal rearrangements (CCRs) are rare structural rearrangements, which involve at least three or more chromosomal break points. Various classifications have been proposed to categorize CCRs. Depending on their structure, they can be classified as three-way exchange, double two-way exchange, and exceptional CCRs. Depending on the mode of transmission, they can be either familial or de novo rearrangements. Depending on the number of chromosomal breaks involved in the rearrangement, they can be divided into two groups: those with four or fewer breaks and those with more than four breaks. CCRs can also be classified as balanced, with no loss or gain of chromosome material or unbalanced.\[[@ref1][@ref2]\] Balanced chromosomal rearrangements may or may not exhibit any phenotypic abnormalities and can go undetected for multiple generations.\[[@ref2]\] Carriers of balanced CCRs are at risk of infertility, miscarriages, recurrent spontaneous abortions, and also birthing children with unbalanced CCRs. Carriers of unbalanced CCRs have high probability of multiple malformations, global developmental delay etc.\[[@ref3]\]

C[ASE]{.smallcaps} R[EPORT]{.smallcaps} {#sec1-2}
=======================================

The proband involved an 8-year-old male child with clinical history of mental retardation and aphasia and was referred for cytogenetic analysis to our laboratory. Parents exhibited a history of two miscarriages and also the mother was deaf and mute.

Karyotype analysis was performed on phytohemagglutinin-stimulated peripheral blood lymphocytes, cultured in Roswell Park Memorial Institute 1640 medium. Twenty GTG-banded metaphases were analyzed using the Applied Spectral Imaging software, and results were outlined as per the latest International System for Human Cytogenomic Nomenclature 2016 and the College of American Pathologists guidelines.

The karyotype analysis of the proband revealed apparently balanced translocation involving short arm of one of the chromosome 2 and long arm of one of the chromosome 12, the breakpoints being p16 and q22, respectively \[[Figure 1](#F1){ref-type="fig"}\]. To understand the origin of translocation (de novo or familial) detected in the proband, samples from the parents were requested for karyotype analysis. The karyotype of the mother revealed a CCR (double two-way translocation). The first translocation involved short arm of chromosome 2 and long arm of chromosome 12 at break points p16 and q22, respectively, identical to the proband. The second translocation involved long arm of chromosome 4 and long arm of chromosome 16 \[[Figure 2](#F2){ref-type="fig"}\].

![Proband with familial translocation inherited from the mother](JHRS-13-68-g001){#F1}

![Double two-way translocation in the mother of proband](JHRS-13-68-g002){#F2}

D[ISCUSSION]{.smallcaps} {#sec1-3}
========================

Majority of reported constitutional CCRs are de novo events that appear to have transpired during spermatogenesis. On the contrary, occasionally reported familial CCRs appear to be transmitted predominately through females, which possibly suggests chromosome rearrangements to be more readily tolerated in female meiosis than male meiosis.\[[@ref4]\]

Double two-way exchange are the simplest form of CCRs consisting either simultaneous occurrence of two reciprocal translocations or a reciprocal translocation along with a Robertsonian translocation or an inversion.\[[@ref1]\] Multiple, but simple, two-way translocations account for the most number of CCRs that have been reported.\[[@ref5]\]

A particularly exasperating aspect of CCRs is the observation of patients carrying apparently balanced CCR at microscopic level, but clinically exhibiting subtle phenotypic abnormalities and/or physical deformities. Such features are observed in about 30%--40% of apparently balanced CCRs, suggesting the occurrence of genomic alterations in the proximity of breakpoints or elsewhere in the genome.\[[@ref6][@ref7]\] Similarly, the mother of the proband also revealed an apparently balanced CCR with phenotypic abnormality (deaf and mute).

As discussed by Karaman and Tos, children who inherit apparently balanced translocation from one of the parents have also the probability to exhibit mental retardation or congenital malformation. The attributable causes could be cryptic deletions, duplications, or the translocation break point leading to inactive genes, particularly unmasking a recessive allele inherited from the other parent.\[[@ref8]\] Likewise, the proband inherited one of the apparently balanced translocations from the mother (translocation involving short arm of chromosome 2 and long arm of chromosome 12 at break points p16 and q22, respectively) and also showcased mental retardation and aphasia.

Advance molecular techniques such as whole chromosome painting (by fluorescent in situ hybridization), microarray, or comparative genome hybridization can play a significant role in the identification of exact amount of deviations from the normal pattern, especially in patients with phenotypic abnormalities, mental retardation having apparently balanced rearrangements.\[[@ref6]\]

Chromosomal analysis was not conducted on the proband\'s mother up until this point in time despite being deaf and mute and experienced two miscarriages. She was only investigated to rule out origin of proband\'s apparently balanced karyotype. Karyotyping is an inexpensive technique, and hence, it should be the recommended preliminary investigation tool for patients with a history of children with mental retardation or developmental delay and also for couples with infertility and bad obstetric history like spontaneous abortions or repeated miscarriages.\[[@ref7][@ref9]\]

The genetic information obtained from chromosomal analysis and advanced molecular techniques can serve as good analysis tool, especially for balanced as well as unbalanced carriers of CCR\'s to understand the pregnancy outcome and for further counseling and management.
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